Abstract: Farmers in South East Asia are adopting rice crop establishment methods from transplanting to direct wet or dry seeding as it requires less labour and time and comparatively less energy than transplanting. In contrast to irrigated condition, in rainfed lowland, direct seeding is a common practice. Early flooding controls weeds but decreases seedling establishment in direct seeded rice. Anaerobic germination is an important trait to counteract damages caused by early flooding. Management options which can help in crop establishment and improve crop growth under flooding might remove the constraints related to direct seeding. The investigation was carried out with two near isogenic lines Swarna and SwarnaSub1. Swarna-Sub1 is tolerant to submergence whereas Swarna is susceptible. Seed priming was done with water and 2% Jamun (Syzygium cumini) leaf extract, and it improved seedling establishment under flooding. Acceleration of growth occurred due to seed pretreatment, which resulted longer seedling and greater accumulation of biomass. Seed priming greatly hastened the activities of total amylase and alcohol dehydrogenase in Swarna-Sub1 than in Swarna. Swarna-Sub1 outperformed Swarna when the plants were cultivated under flooding. Weed biomass decreased significantly under flooding compared to non-flooding conditions. Seed priming had positive effects on yield and yield attributing parameters both under non-flooding and early flooding conditions.
Direct seeding of rice is common in rainfed lowlands as apart from being economic, it also induces robustness in seedlings enabling them to withstand complete submergence during heavy rains. However, seedling establishment is extremely poor if seeding is followed soon by substantial rains. An alternative is to cultivate seedlings in a nursery and transplant them at a suitable age, although complete wash out by heavy rains may still not be ruled out. Some rice varieties grown in rainfed lowlands have been found to tolerate flooding during early seedling establishment (Sarkar et al, 1999; Angaji et al, 2010) , presumably because of their faster growth rate and ability to survive under turbid water for an initial period of one week or more. Dry-and wet-seeding methods are becoming more popular not only with the rice farmers of rainfed lowlands, but also with the farmers of irrigated ecology because they require less labour and time than transplanting (Tuong et al, 2000; Sarkar and Das, 2003) . In areas where there is a good control over the water supply, farmers commonly practice wet seeding using pre-germinated seeds; where water supply is unpredictable, dry seeding is usually taken on (Chin and Mortimer, 2002; Ella et al, 2011) . However, direct seeding has some inherent problems, such as poor seedling establishment along with heavy weed infestation, which are the main limitations to accept the direct seeding technique by farmers. Management practices and/or improved varieties might solve the problems of poor seedling establishment as well as heavy weed infestation in direct seeding method for crop cultivation (Hagiwara and Imura, 1991; Yamauchi et al, 1993; Jiang et al, 2006) . Greater seedling establishment under anaerobic or flooding conditions is an alternative to combat the situations (Sarkar et al, 1999; Ismail et al, 2009) .
In 2002, 'Swarna', a mega submergence sensitive variety of rainfed lowland was crossed with IR49830-7, and in the span of three years, a submergence tolerant Swarna known as 'Swarna-Sub1' was developed through marker-assisted back crossing (Neeraja et al, 2007) . Introgression of SUB1 into Swarna greatly enhanced its survival under submergence maintaining original characteristics of Swarna. Our wide-ranging on farm and on station trials showed that under normal conditions, both varieties have similar grain yield potential whereas under complete submergence (submergence period varied from 3 to 14 d at different locations), a yield advantage of 1.65 t/hm 2 (an average of 0.81 t/hm 2 over five locations) was obtained from Swarna-Sub1 compared to Swarna (Sarkar et al, 2009 ). Subsequently, several submergence tolerant mega varieties, viz. IR64-Sub1, SambaMahsuri-Sub1, CR1009-Sub1, Thadokkam1-Sub1 and BR11-Sub1 were developed (Singh et al, 2009 ). Swarna-Sub1 was released in India, Indonesia and Bangladesh; BR11-Sub1 was released in Bangladesh; and IR64-Sub1 was released in the Philippines and Indonesia. CR1009-Sub1 is in pipeline, which is going to be released in India very soon. With the SUB1 mega-varieties, dissemination and adoption is more straightforward, because the main aim is the replacement of the original mega variety with an improved submergence tolerant version. Importantly, these introgression lines can also replace some of the low-yielding traditional landraces currently being used by farmers in submergence-prone areas, augmenting yields in typically marginalized fields. Rainfed lowland farmers practice both transplanting and direct seeding depending on the land pattern. Varieties with SUB1 sometimes referred as susceptible to anaerobic germination as it was noticed in FR13A, the main donor of SUB1 ). We had noticed greater failure of Swarna-Sub1 in farmers' fields under direct seeding conditions due to untimely heavy rain at the germination stage and stagnation of the 5−10 cm of water on the surface of the field for 10 d or more. Greater crop establishment under direct seeding would improve the income of the farmers by removing some of the drudgery associated with the rice cultivation in rainfed lowland ecology. Pretreatment of viable seeds through initial soaking, initiates the early events of germination but does not permit radicle protrusion, and then the seeds are dried until needed, which is known as seed priming. Different seed priming approaches have been successfully practiced in several crops including rice (Farooq et al, 2011) . Reports are available which showed that seed priming improved crop performances, both under stressed and non-stressed conditions, however, betterknown effects were obtained when crop encountered adverse conditions namely drought, salinity or chilling stress (Farooq et al, 2009; Sun et al, 2010) . Most of the work related with seed priming was done under aerobic conditions, and seed priming was reported to increase seed vigour and seedling establishment under moisture, salinity, chilling and so many adverse conditions (Farooq et al, 2011) . However, reports on the test of priming seeds under anaerobic or flooding conditions are almost absent (Ella et al, 2011) . The present investigation assesses the effectiveness of seed priming on seedling establishment under early flooding conditions. Besides the role of seed priming on rice growth and survival, the activities of total amylase and alcohol dehydrogenase were also studied. Another main objective was to know the performances of two near isogenic lines with and without submergence tolerance QTL SUB1 in relation to yield and yield attributes under direct seeding field conditions.
MATERIALS AND METHODS

Rice materials and growth conditions
The study was conducted using two near isogenic indica rice varieties (Oryza sativa): Swarna which is susceptible to complete submergence and Swarna-Sub1 with better capacity to tolerate complete submergence. Two experiments were conducted during the wet season at the Central Rice Research Institute (CRRI), Orissa, India (20.5° N, 86 .0° E, and 23.5 m above mean sea level) to study the effects of seed pretreatment on germination, seedling growth and associated mechanism of enhanced growth, yield and yield attributes under early flooding and non-flooding conditions.
Seed pretreatment
The treatment was chosen based on the preliminary experiment conducted earlier. The main experiment was carried out with 2% Jamun (Syzygium cumini) leaf extract. The materials are locally available in South East Asian countries and farmers can utilize it without much investment. Priming seeds for 12−24 h was found appropriate to get good germination and better plant growth whereas priming beyond 24 h was found deleterious. Seeds were soaked in tap water or 2% Jamun leaf extract (250 g/L) for 16−17 h at room temperature (27−32 °C) in dark (16:00−08:30). The soaked seeds were spread on a concrete floor and dried under the sun till the moisture content reached 12%. During the month of May, ambient temperature at daytime sometimes went beyond 39 °C. The dried seeds were kept in plastic bags under normal ambient conditions. The primed seed could be stored for at least three months without deterioration in germination percentage.
Laboratory experiment
Both primed and non-primed rice seeds were surface sterilized with 0.1% HgCl 2 solution for 5 min, thoroughly washed with sterilized distilled water, then sown 1.0 cm below the soil surface and subjected to submergence with 10 cm of water depth immediately after sowing in a utility tray (37.5 cm × 35.0 cm × 13.0 cm) containing at least 2 cm depth of ground farm soil. The seeds which germinated under water and successfully emerged above the water surface after 15 d of submergence treatment were taken into consideration to calculate absolute seedling establishment percentage under flooding. In the case of control, in stead of flooding, moist soil condition was maintained.
Plant height and shoot dry weight were measured to assess variation in seedling vigor under anaerobic and control conditions. Besides, the activities of both total amylase and alcohol dehydrogenase were estimated using the germinating endosperm after 1, 3, 5, 7 and 9 d of sowing.
Extraction of enzymes
Germinated seedlings after 1, 3, 5, 7 and 9 d of submergence and their respective non-submerged control seedlings were taken out from the trays, and washed thoroughly with distilled water. The enzymes were extracted from the endosperms. The extract was centrifuged at 4 °C with 15 000 × g for 20 min. Supernatant was used to estimate the activities of total amylase and alcohol dehydrogenase.
Total amylolytic activities (EC. 3.2.1.1)
To estimate total amylolytic activities, 25 endosperms were ground in 5 mL of 10 mmol/L ice cold CaCl 2 solution. One milliliter of enzyme extract was incubated with 1 mL of 1% soluble starch solution prepared in 0.1 mol/L sodium acetate buffer (pH 4.7) for 30 min at 30 °C. Reaction was arrested by addition of 2 mL of dinitrosalicylic acid (DNSA) reagent. When the tubes were in warm condition, 1 mL of 40% sodium potassium tartarate solution was added. The tubes containing this mixture were heated for 5 min in a boiling water bath for the development of colour. Then they were diluted to 25 mL and the optical density of the solution was measured at 560 nm. Amylase activity was expressed in terms of 1 µg of maltose released per min per mg protein (Sarkar et al, 1982) . Protein content was estimated following the method of Bradford as described by Kruger (2002) .
Alcohol dehydrogenase activities (EC. 1.1.1.1)
Twenty-five endosperms were homogenized in 3 mL of extraction medium of 100 mmol/L Tris-HCl buffer (pH 7.5) containing 3 mmol/L DTT, 2 mmol/L MgCl 2 , 50 mmol/L KCl and 1 mmol/L EDTA. The supernatant was used for enzyme assay. Alcohol dehydrogenase activity was measured following Ram et al (2000) . The assay medium contained 50 mmol/L Tris-HCl (pH 7.5), 62.5 mmol/L MgCl 2 , 3 mmol/L NADH, 100 mmol/L acetaldehyde and enzyme extract. Change in absorbency was taken at 340 nm and the activity was expressed as change in optical density (OD) per min per mg protein.
Field experiment
The experiment was conducted in alluvial sandy clay loam soil of the Mahanadi River delta (pH 6.72, organic C 0.78%, total N 0.015%, available P 27 kg/hm 2 , and available K 125 kg/hm 2 ) during the wet seasons of 2009 and 2010. The primed and nonprimed seeds were directly sown in the fields with 20 cm × 15 cm spacing with three replications across a factorial randomised block design. Field bunds approximately 12 cm in height from soil surface were raised with mud. Sown seeds were immediately submergenced with approximately 10 cm depth of water (flooding/anaerobic condition), which was maintained for up to 20 d after sowing. The channels and plots were prepared in such a way so that water could be poured in the desired plot. In the control plots, there was no stagnation of water (aerobic condition). All the plots received equal treatments with similar levels of water stagnation in the rest of the growing stages. Chemical fertilizers were applied as N:P:K at 60:40:30 kg/hm 2 , respectively. The entire P and K were applied as basal fertilizer before sowing and nitrogen was added in three equal splits as basal and at 30 and 90 d after sowing. Weeding was done after 30 d of sowing and the weed biomass presented here as fresh as well as dry weight basis per m 2 . At maturity, 20 representative hills were collected for measurment of panicle number per m 2 , panicle weight (g/panicle), seed-setting rate and harvest index (grain weight/total biomass). Grain yield was calculated based on a harvested area of 12 m 2 at the center of each plot and expressed in t/hm 2 .
Statistical analysis
Differences between the various parameters assessed in these trials were compared by ANOVA using CropStat (International Rice Research Institute, Manila, the Philippines). Means were compared by the least significant difference test provided that the F test was significant.
RESULTS
Impact of seed pretreatment on seedling establishment, length and dry weight under early flooding conditions
Early flooding had great negative impact on seedling establishment and shoot dry weight (Table 1) . Seedling length and shoot dry weight increased significantly both under flooding and non-flooding conditions. Seed priming improved underwater seedling establishment in both the varieties with and without SUB1, but had little effect on seedling established under non-flooding conditions. The seedling survived rates were less under flooding compared to the non-flooding conditions. The impact of seed priming was greater in Swarna-Sub1. Both priming and cultivation methods greatly influenced seedling establishment and crop growth. The varieties with and without SUB1 acted in similar fashion under the influence of priming both under flooding and nonflooding conditions as the effect of priming on varietal differences was non-significant.
Impact of seed pretreatment on activities of total amylolytic and alcohol dehydrogenase under early flooding conditions
Generally, total amylolytic activities before germination were significantly greater in the primed seeds compared to the non-primed seeds (Fig. 1) . The amylolytic activities in dry seeds were significantly greater due to seed pretreatment in Swarna-Sub1 compared to Swarna. Total amylolytic activities increased up to the 7 d of submergence in both varieties under flooding and control conditions (Fig. 2-A and -B) . The activities of amylase, in general, were lower under flooding compared to the control condition at early period of germination. Amylolytic activities enhanced greatly under flooding after 5 d of submergence. SwarnaSub1 maintained greater activities of total amylase in endosperms during the process of germination and subsequent period of seedling growth (Fig. 2-C) . Likely, primed seeds maintained significantly greater activities of amylase compared to the non-primed seeds. Also, Seed pretreated with 2% Jamun leaf extract, in general, had greater activities of amylase compared to the tap water pretreatment (Fig. 2-D) .
The alcohol dehydrogenase activities increased significantly in both varieties under flooding up to the 3rd day of submergence when pretreated seeds were used (Fig. 3-A and -B) . Additionally, the activities of alcohol dehydrogenase decreased drastically after 5 d of submergence under the control conditions whereas the decrease of alcohol dehydrogenase activities under flooding was gradual, which resulted greater alcohol dehydrogenase activities under flooding compared to non-flooding circumstances. In general, Swarna-Sub1 maintained greater alcohol dehydrogenase activities compared to Swarna (Fig. 3-C) , and seed pretreatment improved the alcohol dehydrogenase activities only up to 5 d of submergence (Fig. 3-D) .
Impact of seed pretreatment on weed biomass and yield under early flooding conditions
Weed biomass decreased significantly in the flooding fields compared to the non-flooding fields ( Table 2 ), suggested that less energy was needed in weeding when crop was cultivated under the early flooding conditions compared to the non-flooding conditions. Seed priming even with normal tap water improved the grain yields of both Swarna and Swarna-Sub1 under normal and anaerobic seeding conditions. This is mainly due to the improvement of tiller number per unit area, panicle weight and harvest index ( Table 2) . Number of tillers per unit area was less under anaerobic germination compared to the control. Seed priming improved the tiller numbers under anaerobic
Fig. 2. Total amylolytic activities in endosperms with different submergence days in two rice varieties Swarna (A) and Swarna-Sub1 (B).
T1, Non-primed dry seeds; T2, Primed with tap water; T3, Primed with 2% Jamun (Syzygium cumini) leaf extract; AG, Anaerobic germination. germination in the fields, yet the number of tillers was not enough to produce equal grain yield comparable to normal condition. The beneficial effect of priming was more pronounced in Swarna-Sub1 compared to Swarna, especially under the early flooding conditions. Seed priming either with tap water or 2% Jamun leaf extract had similar effects on seedling establishment, yield and yield attributes in both Swarna and Swarna-Sub1.
DISCUSSION
The risk of yield loss is greater under direct seeding as compared to any other crop cultivation methods due to more infestation of weed and poor plant stand (Rao et al, 2007) . However, direct seeding is important during both wet and dry seasons in coastal deltas as well as in rainfed lowlands because of the lower cost, improved drought tolerance and earlier harvest (Rao et al, 2007) . In rainfed lowlands, direct dry seeding is the common practice. If flood and/or heavy rainfall occur, due to low lying topography, rainfall water will accumulate and stagnate in the fields. Consequently, the establishment of rice seedlings becomes difficult and even impossible in some cases and rice fields remain barren (Sarkar et al, 1999) . Irregular crop establishment is common even in irrigated areas when land is uneven or when shallow flooding is used to suppress weed growth. Direct seeding is now more vulnerable due to irregular and unpredictable rainfall; climate changes appear to be influencing the monsoon and tropical cyclones, and the two prime drivers of flood events in Southeast Asia (Unnikrishnan et al, 2006; Douglas, 2009) .
Sowing of seeds under the surface of flooded soil is known as anaerobic seeding (Balasubramanian and Hill, 2002) . Anaerobic seeding not only reduces the cost of cultivation but is also environment friendly due to the reduction in the use of herbicides compared with other direct sowing methods (Hayashi et al, 2010) . If rice can germinate, establish and grow under flooded soil surface, the constraints for both direct wet and dry sowing would be solved and cultivation of rice could be possible with less investment. Varieties with QTL SUB1 tolerate complete submergence at the seedling stage (Xu et al, 2006; Septiningsih et al, 2009; Iftekharuddaula et al, 2011) , but are susceptible to anaerobic germination. Introgression of QTL SUB1 did not improve seedling establishment percentage under flooding conditions, but increased by seed priming (Table 1 ). The differences in seedling establishment percentage, however, were not significant between primed and non-primed seeds under normal conditions (Table 1 ). The reason behind the greater seedling establishment under flooding conditions was probably due to greater seedling length in the primed seeds compared to the non-primed seeds (Fig. 2-A) .
Shoot elongation as an adaptive mechanism is inevitable for underwater seedling establishment, whereas for submergence tolerance, restricted shoot elongation is helpful in conserving the energy and thus survival of plants after de-submergence (Das et al, 2004 (Das et al, , 2005 Manangkil et al, 2008; Kudahettige et al, 2011; Pan et al, 2011) . Xu et al (2006) reported that submergence tolerance was controlled by the particular genotype of the complex locus SUB1, which had been identified as a member of a gene family encoding ethylene response factors (ERFs) and was responsible for restricted shoot elongation under complete submergence (Saika et al, 2007; Fukao and BaileySerres, 2008) . Seedlings raised from primed seeds accumulated greater biomass (Fig. 3) , which might help in survival under flooding conditions (Sarkar, 1998) . Seed priming improved the initial vigour, resulting in the acceleration of growth (Farooq et al, 2006 (Farooq et al, , 2007 . Amylase plays pivotal role in starch breakdown during germination (Guglielminetti et al, 1995a) . Starch is not degraded in the absence of α-amylase, and anoxia-intolerant cereals such as wheat and barley suffer soon from sugar starvation, leading to their death (Alpi and Beevers, 1983; Perata et al, 1996) . Rice seeds are capable of breakdown of starch even under anoxia into readily fermentable carbohydrates to generate the minimum energy required for the growth of the coleoptiles (Magneschi and Perata, 2009; Park et al, 2010) . Germination under anoxia of rice grains can proceed even in absence of gibberellic acid, a plant growth hormone responsible for the production of α-amylase in germinating grains (Loreti et al, 2003) . Rice dry seeds possess amylase (Guglielminetti et al, 1995b; Perata et al, 1997) and greater quantities of amylase were accumulated during the process of priming (Fig. 1) . Primed seeds maintained higher activities of amylase even during the process of germination (Fig.  2-A) . Varietal differences in maintaining higher activities of amylase were observed, and the variety with SUB1 maintained higher activities of amylase compared to that without SUB1 (Fig. 2-B) . Alcohol dehydrogenase activities are known to increase during submergence, leading to the production of ethanol and regeneration of NAD + (Kato-Noguchi et al, 2010) . Energy needs of plants under submergence are met through alcoholic fermentation. Ethanol concentration, however, do not reach toxic levels in submerged rice seedlings (Ellis and Setter, 1999) . Alcoholic fermentation is the primary means, by which plants produce energy under anaerobiosis. Higher activities of alcohol dehydrogenase was observed in the primed seeds compared to the non-primed seeds under submergence (Fig. 3) , which might help in greater survival when crop cultivated under flooding using primed seeds compared to the non-primed seeds. Like amylase, the alcohol dehydrogenase activities were also higher in Swarna-Sub1 compared to Swarna (Figs. 2 and 3) . Though there were not much variation in absolute plant height and dry matter accumulation at the initial stages of crop growth between these two varieties under anaerobic conditions, the percentage increase of plant height was greater in Swarna-Sub1 (130%) than Swarna (78%−92%) under priming compared to nonpriming conditions. Dry matter accumulation under anaerobic conditions was 234%−255% and 158%− 193% higher in Swarna-Sub1 and Swarna, respectively.
The present investigation showed that seed priming improved the seedling establishment under anaerobic conditions. Besides, seed pretreatment improved yield and yield attributing parameters in both Swarna and Swarna-Sub1 even under normal direct seeding conditions, and similar observation was made before (Farooq et al, 2011) . The increase percent of grain yield under anaerobic conditions was 5.1%−16.8% and 44.2%−55.3% higher in Swarna and Swarna-Sub1, respectively when rice cultivated after seed priming compared to the non-priming conditions. It showed that the variety with SUB1 responded better under flooding due to seed pretreatment compared to the variety without SUB1. Suitable chemicals for seed priming or other management options are to be developed for further improvement of the underwater seedling establishment. Combining genetic tolerance with proper management options could further improve rice productivity under the changing climatic conditions, and greater emphasis is needed to develop such new management options for the newly breeding varieties. Seed priming is one of the options in stabilizing grain yield in rice under direct seeding conditions.
